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The Subsurface provides 80% of the US Energy  
and is a vast storage reservoir  

Primary Energy Use by 
Source, 2014 

Quadrillion Btu [Total U.S. = 98.3 Quadrillion Btu] 

Mastery	
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  Subsurface	
  needed	
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  Technical	
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A	
  path-­‐bending	
  Crosscutting	
  Challenge:	
  
	
  	
  “Adaptive Control  

of subsurface fractures, reactions and flow” 

Within 10 Years: 
!  A ten-fold increase of U. S. electricity 

production from geothermal 
reservoirs 

!  Double hydrocarbon production 
from tight reservoirs  

!  Establish practical feasibility of deep 
borehole disposal 

!  Large-scale safe CO2 sequestration 
to meet targets described in the 
President’s Climate Action Plan; 

Concurrent protection of the 
environment (water and air 

resources, induced seismicity, etc) 

SubTER:	
  Subsurface	
  Technology	
  Research,	
  Development	
  &	
  DemonstraGon	
  	
  



General Technical Baseline: 
State of Knowledge & Practice 
!  Reservoir stress distribution and material properties 

are highly heterogeneous and largely unknown 

!  Mechanistic understanding of multi-scale processes 
that influence stress distribution and thus fracture 
formation and flow is lacking  - limits both production 
and subsurface storage 

!  Industry is developing approaches to improve 
fracture creation, commonly guided by empirical 
field evidence. Industry not  attempting ‘real time’  
control 

!  Significant public concern and uncertainty 
associated with environmental risks  

Today	
  we	
  cannot	
  accurately	
  image,	
  predict,	
  or	
  control	
  
fractures	
  with	
  confidence	
  or	
  in	
  real-­‐9me.	
  



Subsurface Engineering: 
Common Subsurface Challenges 

Discovering,	
  Characterizing,	
  and	
  
PredicAng	
  	
  	
  
Efficiently	
  and	
  accurately	
  locate	
  
target	
  geophysical	
  and	
  geochemical	
  
responses,	
  finding	
  more	
  viable	
  and	
  low-­‐risk	
  
resource,	
  and	
  quanGtaGvely	
  infer	
  their	
  
evoluGon	
  under	
  future	
  engineered	
  condiGons	
  

Accessing	
  	
  
Safe	
  and	
  cost-­‐effecGve	
  drilling,	
  with	
  reservoir	
  
integrity	
  

Engineering	
  
Create/construct	
  desired	
  	
  subsurface	
  
condiGons	
  in	
  challenging	
  high-­‐pressure/high-­‐
temperature	
  environments	
  

Sustaining	
  
Maintain	
  opGmal	
  subsurface	
  condiGons	
  over	
  
mulG-­‐decadal	
  or	
  longer	
  Gme	
  frames	
  through	
  
complex	
  system	
  evoluGon	
  

Monitoring	
  
Improve	
  observaGonal	
  methods	
  and	
  advance	
  
understanding	
  of	
  mulG-­‐scale	
  complexiGes	
  
through	
  system	
  lifeGmes	
  



Energy	
  Field	
  Observatories	
  

Fit	
  For	
  Purpose	
  SimulaAon	
  CapabiliAes	
  

Intelligent	
  
Wellbore	
  Systems	
  

Subsurface	
  Stress	
  &	
  
Induced	
  Seismicity	
  

Permeability	
  
ManipulaAon	
  

New	
  Subsurface	
  
Signals	
  

	
  Subsurface	
  Crosscut	
  Framework	
  
AdapAve	
  Control	
  of	
  Subsurface	
  Fractures	
  and	
  Fluid	
  Flow	
  

RemediaAon	
  tools	
  and	
  
technologies	
  

Fit-­‐for-­‐purpose	
  drilling	
  
and	
  compleAon	
  tools	
  (e.g.	
  

anAcipaAve	
  drilling,	
  
centralizers,	
  monitoring)	
  

HT/HP	
  well	
  construcAon	
  /	
  
compleAon	
  technologies	
  

Measurement	
  of	
  stress	
  
and	
  induced	
  seismicity	
  

ManipulaAon	
  of	
  stress	
  
and	
  induced	
  seismicity	
  

RelaAng	
  stress	
  
manipulaAon	
  and	
  

induced	
  seismicity	
  to	
  
permeability	
  

Applied	
  risk	
  analysis	
  of	
  
subsurface	
  manipulaAon	
  

Physicochemical	
  	
  fluid-­‐
rock	
  interacAons	
  

ManipulaAng	
  flowpaths	
  

Characterizing	
  fractures,	
  
dynamics,	
  and	
  flows	
  

	
  Novel	
  sAmulaAon	
  
methods	
  

New	
  sensing	
  approaches	
  

IntegraAon	
  

of	
  mulA-­‐scale,	
  mulA-­‐type	
  
data	
  

AdapAve	
  control	
  
processes	
  

DiagnosAc	
  signatures	
  and	
  
criAcal	
  thresholds	
  

New	
  diagnosAcs	
  for	
  
wellbore	
  integrity	
  

Autonomous	
  compleAons	
  
for	
  well	
  integrity	
  modeling	
  

Improved	
  well	
  
construcAon	
  materials	
  

and	
  techniques	
  



SubTER:  DOE Office Involvement 

OE,	
  ARPA-­‐E,	
  EIA	
  

Science	
  
•  Basic	
  	
  research:	
  geology,	
  
geophysics,	
  and	
  
biogeochemistry	
  

•  ExperGse:	
  subsurface	
  
chemistry,	
  complex	
  fluid	
  
flow	
  

Energy	
  Efficiency	
  &	
  Renewable	
  
Energy/	
  Geothermal	
  
Technologies	
  Office	
  
•  R&D:	
  locate,	
  access,	
  and	
  develop	
  
geothermal	
  resources	
  

•  R&D:	
  access,	
  create,	
  and	
  sustain	
  
enhanced	
  geothermal	
  systems	
  
(EGS)	
  

Energy	
  Policy	
  &	
  Systems	
  Analysis	
  
•  Advisement:	
  Secretary	
  of	
  Energy	
  
•  Policy:	
  	
  low-­‐carbon	
  and	
  secure	
  energy	
  
economy	
  

•  Technical	
  assistance:	
  States	
  and	
  local	
  
enGGes	
  

Environmental	
  Management	
  
• Modeling	
  and	
  tools:	
  subsurface	
  
evaluaGon	
  and	
  characterizaGon	
  

•  Cleanup:	
  nuclear	
  weapons	
  legacy	
  

Congressional	
  &	
  Inter-­‐governmental	
  
Affairs	
  
•  InteracGons:	
  elected	
  officials,	
  
regulators,	
  	
  and	
  stakeholders	
  

•  InformaGon	
  access	
  	
  for	
  change	
  agents	
  

External
	
  Stakeho

lder	
  Gro
ups	
  

SubTER	
  Tech	
  Team	
  
•  Encompasses	
  relevant	
  
offices	
  

• Reports	
  to	
  Under	
  
Secretary	
  for	
  Energy	
  and	
  
Science	
  

•  IdenGfies	
  and	
  facilitates	
  
crosscuang	
  subsurface	
  
R&D	
  and	
  policy	
  prioriGes	
  
for	
  DOE	
  

• Develops	
  collaboraGve	
  
spend	
  plan	
  and	
  funding	
  
scenarios	
  

Nuclear	
  Energy	
  
•  Policy	
  and	
  technology:	
  
disposiGon	
  of	
  used	
  nuclear	
  fuel	
  
and	
  waste	
  

•  R&D:	
  deep	
  borehole	
  disposal	
  
concept	
  

Fossil	
  Energy/Oil	
  &	
  Gas	
  
•  R&D	
  and	
  access:	
  	
  clean,	
  affordable	
  
tradiGonal	
  fuel	
  sources	
  

•  R&D:	
  drilling,	
  well	
  construcGon	
  and	
  
integrity,	
  and	
  hydraulic	
  fracturing	
  
technologies	
  

Fossil	
  Energy/Carbon	
  
Storage	
  
•  Policy	
  and	
  technology:	
  
challenges	
  of	
  CO2	
  storage	
  to	
  
inform	
  regulators,	
  industry,	
  
and	
  the	
  public	
  

•  R&D:	
  CO2	
  	
  offshore	
  and	
  
onshore	
  storage	
  	
  



For More Information: SubTER 
Adaptive Control of Subsurface Fractures & Fluid Flow  

http://SubTER.lbl.gov  

9 energy.gov/subsurface-tech-team 


